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目 前 市 场 上 常 规 的 4m×16m










设 定 该 龙 门 铣 床 立 柱 使 用 的
材 料 为 介 质 均 匀 的 Q235 号 普 通










         （1）
式中，FC 为切削力，N ；ap 为切削深
度，mm ；f 为进给量，mm/r ；vc 为切
削速度，m/s；xFc 为切削深度 ap 指数；





向力 FP=14300N，径向力 Ff =7800N。






































































方向 X方向 Y方向 Z方向 综合
位移/μm 5.06 1.92 2.31 5.21
立 柱 使 用 的 材 料 为 Q235 号
普 通 碳 素 钢，选 择 安 全 系 数 ns 为
2.5[23]。 普 通 碳 素 结 构 钢 Q235 板
厚 在 60~100mm 时，其 屈 服 强 度 为
2.05×108Pa。
                                  （2）
根 据 公 式（2）计 算 得 许 用 应
力 [σ]=8.2×107Pa，有 限 元 分 析




























为 6.77×106Pa ；Mises 等效应力强
度大小为 6.14×106Pa ；普通碳素结








方向 X方向 Y方向 Z方向 综合























































































1阶 41.31 Y方向弯曲 57.85 Y方向弯曲
2阶 42.73 X方向弯曲 58.67 X方向弯曲
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空运转 0.06 42.00 0.07 45.00
铣削加工 1.30 71.00 1.20 63.00
轻量化铣床
空运转 0.05 36.00 0.06 31.00
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Research on Lightweight of CNC Machine Tools Based on Particle Damping 
Technology
XIAO Wangqiang1, XU Zhanhao1, BIAN Hechuan2
(1. School of Aerospace Engineering, Xiamen University, Xiamen 361000, China; 
2. Tangshan Sanchuan Steel Machinery Manufacture Co., Ltd., Tangshan 063000, China)
[ABSTRACT]   With the development of CNC machine tools toward high-precision, high-speed and greening, the advan-
tages of lightweight CNC machines become more and more obvious. Taking ZN-XK2840 CNC gantry boring and milling 
machine as an example, this paper presents a lightweight design method of CNC machine tools based on particle damping 
technology. Firstly, the static property of the conventional CNC machine tool structure is analyzed by finite element meth-
od, the wall thickness is optimized, and the static property of the lightweight machine tool structure is analyzed to ensure 
that the maximum deformation and strength meet the requirements. Then analyze the dynamic property of conventional 
CNC machine tools such as modal characteristics, harmonic response. The particle damping technology can effectively 
reduce the vibration of the machine tool structure in the vibration transfer path. In this paper, through the establishment of 
particle system-gantry milling machine dynamics model, using discrete elemental dynamics software developed by our-
selves to analyze the dynamic property of the machine tool with particle damper installed. By comparing with the dynamic 
property of conventional machine tools, it is found that the dynamic property of lightweight machine tool is better than con-
ventional machine tools. According to the lightweight design, the gantry boring and milling machine with particle damper 
is installed. The acceleration amplitude and displacement amplitude are measured during the idling and milling process, 
which are all smaller than the conventional machine tools. Its weight is 53.8% lower than similar products, effectively re-
ducing the weight.
Keywords: CNC machine tool; Particle damping; Lightweight design; Vibration control; Column
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Control Technology for Dual-Beam Laser Welding and Seam Tracking With 
Ten-Axis Six-Linkage CNC
GONG Shihua, ZHENG Zhongxiang, WANG Pingjiang, YANG Jianzhong
(School of Mechanical Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)
[ABSTRACT]   T type joints, which often affect the quality of the whole structural parts, are widely used in the stiffened 
wall plate of large components. In view of the above problems, a dual-beam laser welding platform is built to meet the 
welding requirements of large size structural parts. Then, the ten-axis six-linkage CNC system is designed to meet the 
needs of both sides welding of T type joint at the same time. While controlling the position and attitude of the 3D welding, 
the welding seam measurement and tracking compensation on both sides of the T type joint are realized simultaneously. 
Through the actual welding experiment, the control system of dual-beam laser welding and seam tracking with ten-axis six-
linkage is tested and the result shows it can meet the processing requirements for T type joints.
Keywords: Ten-axis six-linkage CNC; Dual-beam laser welding; Seam tracking; Control system; T type joint
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